II. AN EXAMINATION OF VARIOUS THEORETICAL APPROACHES
CONSISTENT WITH ECONOMIC THEORY THAT MATHEMATICALLY
REPRESENT THE "MARGINAL" INVESTMENT OF NEW DEMAND, AND

HOW THEY CONVERGE TO WHAT IS COMMONLY KNOWN AS A
"CAPACITY COST." (Continued)

b) Mathematical Proofs, Proof I. (Continued)

Conclusion of Proof:

Now. assume that the initial demand (€,) at ¢ =0 is uniformly distributed over the interval
0<E6, < ¢

Then. LRMC = -i— [T LRMC de,

(10)

_ INVESTMENT
CAPACITY

As can pe seen from the equations (1) and (10), LRMC = capacity cost.
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II. AN EXAMINATION OF VARIOUS . THEORETICAL APPROACHES
CONSISTENT WITH ECONOMIC THEORY THAT MATHEMATICALLY
REPRESENT THE "MARGINAL" INVESTMENT OF NEW DEMAND. AND
HOW THEY CONVERGE TO WHAT IS COMMONLY KNOWN 4S 4
"CAPACITY COST." (Continued)

b) Mathematical Proois (Continued)

Proof II.

Definitions: (See Figure 3)

Let

¢ = capacity of machine or equipment unit (CAP)
3 = investment of machine or equipment unit (INV)
¢, = initiai demand at ¢ =9
n = siope of demand :
a = slope of new demand (with an increased demand)
t = interest rate
6 =4ln(1+)
CC = capacity cost
PVC = change in present value of investment
PVD = change in present value of demand
LRMC = long run marginal investment

In Figure 4. it is assumed that an added demand is constant in relation to the baseiine. That
is. the slope of new demand is the same as that of the baseline. Here, we allow a2 demand

growth rate. As can be seen in Figure 5, the slope of new demand is different from that of the
baseiine.

Hypothesis:

The capacity cost is defined to be:
3 INV

capacity cost (CC) = ‘; = CiP (1)
PVC '

7 IC=CC
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iI. AN EXAMINATION OF VARIOUS THEORETICAL APPROACHES
CONSISTENT WITH ECONOMIC THEORY THAT MATHEMATICALLY
EPRESENT THE "MARGINAL" INVESTMENT OF NEW DEMAND, AND

HOW THEY CONVERGE TO WHAT IS COMMONLY KNOWN AS A
"CAPACITY COST." (Continued)

b} Mathematical Proois, Proof II. (Continued)

Detailed Equations:

As before. if we assume that an increase in demand at {=0 does not exceed the remaining
capacity of the machine or equipment unit. we find that in general:

£, —ia@=—n)t. =jg and

4“‘0—""3 .
L= =12 - . X 2)
: G —1
_- , - . : . . " . 3
To calculate the PVC, we first denote a gradient series, J, in terms of a uniform series. 5 for
zhe case of perpetuity. Then the PVC is determined as:
x 3 .
r~ g =
PVC =% 5 ¢ (3)
jwl .
-5 Sg=t) %
3 = 2—n
= -OT . Z 2
J=1
Ct, -tad
3 a=-=n - Q=N
=" e
0 j=i
. ey
- . ,a-n & (4)
o =28 4
l—e?®™"

To calcuiate the PVD, a gradient series in change in demand a—n is expressed in terms of a

: .« . .
uniform series 3 2 Then, the PVD is determined as:

0
PYD =] ";" e~ g = S22
Q@

(5)
¢}
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I AN EXAMINATION OF VARIOUS THEORETICAL APPROACHES
CONSISTENT WITH ECONOMIC THEORY THAT MATHEMATICALLY
REPRESENT THE "MARGINAL" INVESTMENT OF NEW DEMAND, 4ND

HOW THEY CONVERGE TO WHAT IS COMMONLY KNOWN As A
"CAPACITY COST." (Continued)

b) Mathematical Proofs, Proof II. (Continued)

Detailed Equations: (Continued)

From equations (4) and (5),
£VC

LRMC = PVD

a— . - . 33_" (6)
a_n -0
l—e@-"

Conclusion of Proof:
Assuming ¢, is uniformly distributed over the interval 0 <é¢ <L g

LRMC = -;— ] Y LRMC de,

-—-—:‘:’ &,
- B6  _e — . .L.[’ca-n de,
a—n = {q -

l—e?7
-5 §a
_ 35 e =" a—n . I=—1 -1
- a—n pad q0
l—e @7
1]
8 loern
q -g
1 —eca?
3 -
-2 )
_ ANV
~ CAP
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1. AN EXAMINATION OF VARIOUS THEORETICAL APPROACHES
CONSISTENT WITH ECONOMIC THEORY THAT MATHEMATICALLY
REPRESENT THE "MARGINAL" INVESTMENT OF NEW DEMAND, AND

HOW THEY CONVERGE TO WHAT IS COMMONLY KNOWN AS A
"CAPACITY COST." (Continued)

b) Mathematical Proois, Proof II. (Continued)

Conclusion of Proof: (Continued)

Therefore, from equations 1} and i7).

INVESTMENT
LR\ = =
lc CAPACITY

= CAPACITY COsT (CC)
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II. AN EXAMINATION OF VARIOUS THEORETICAL APPRROACHES
CONSISTENT WITH ECONOMIC THEORY THAT MATHEMATICALLY
REPRESENT THE "MARGINAL" INVESTMENT OF NEW DEMAND, AND
HOW THEY CONVERGE TO WHAT IS COMMONLY KNOWN AS A
"CAPACITY COST." {Continued)

b) Mathematical Proofs (Continued)

Proof .

Definitions:

In this section. we show that the LRMC proposed by U S WEET Communication (SCM Group,
R. . Foster and R. M. Bowman. April. 1989) is also equivaient to the capacity cost with
arrivai of demand given an equal probabiiity. For a reference, their LRMC s reproduced
exacily as in their paper (see Figure 6).

e To (1 F.V_
[RMC = | oo A=RT =Ry

, .0 To < N(1=F) 1
Qo F (1+R)Y -1 - ‘ ()

I {_1_; 1R [(1+RVV -1  (1+R\FY
> -

. . N(1=-F)<To<N
Qo F (1+RY—1 (1+R)VY H ( : °=

capacity oi machine

investment of machine

time at which new service is offered

demand for new services

vears until exhaustion of a new capacity addition
interest rate (cost of money)

€n(l = R)

marginal cost

o nwn

Hypothesis:

The capacity cost is determined as:

Capacity Cost (CC) = éo = Irge:;rz:in 12)
Jo a v

MC = 0C
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. AN EXAMINATION OF VARIOUS THEORETICAL APPROACHES
CONSISTENT WITH ECONOMIC THEORY THAT MATHEMATICAILY
REPRESENT THE "MARGINAL' INVESTMENT OF NEW DEMAND, AND

HOW THEY CONVERGE TO WHAT IS COMMONLY KNOWN iS 4
"CAPACITY COST." (Continued)

b) Mathematical Proofs, Proof II. (Continued)

Detailed Equations:

Equaticn (1) can be expressed as:

> e Toé SENE .
LRMC = | —= =~ - 0 Tos NO-F) (3)
[z [ 1 £ } LFNE er.vs): V(1 =F1 < To <
Co | F~ 7 [ e —1 e o 0=

Conclusion of Proof:

Now assume that To (time at which new service is offered) is uniformly distributed over the
interval 0 < 7o < ¥

Then ,
1 .Y
LRMC = ~ ! LRMC dTo
. 3
N1-F FNS _
=L f ) IO— . [4 1 CTN; dTO
AY Py Qor CNJ -1
v FN§ _ . FNS
= lo - lo 'eve 1, Tos _ Io ew eTod | dro
N1-F) | QoF Qof ¥ -] QoF -
FN§
_ o 1 e =1 [e-"’-“”‘—1] - NF
NQoF | & Vi3
P M-y [ N N1-F)8 ] 1 e [ V5 _ e.vu-ns]
* o— C‘IV& -1 5 C‘Vé
NE _ L FNE_ _NN=FV6
= .[o < — \.5' 1 - NF
NQoF ole —1}
NP N NS L ML= P NI+ NE l
Sle™—1) B TR | .
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II. AN EXAMINATION OF VARIOUS THEORETICAL APPROACHES
CONESISTENT WITH ECONOMIC THEORY THAT MATHEMATICALLY
REPRESENT THE "MARGINAL" INVESTMENT OF NEW DEMAND. AND
HOW THEY CONVERGE TO WHAT IS COMMONLY KNOWN S A
"CAPACITY COST." (Continued)

~ b) Mathematical Proofs, Proof III. (Continued)

Conclusion of Proof: (Continued)

Jo pVFE I, NG 1y i VO 1) gV, NFE )
MC = —2— | NF = £ _ '
LrMC NQof [ F 6ieVe—1) be®
_ Io F - L VFE _ ~ e VFE _q _
\-QOF L- 4 0
lo [ ]
= N,
NQofF | F
lo
= Co (4)
_ INVESTMENT
~  CAPACITY

From equations (1) and (4). LRVMC = Capacity Cost.

c¢) Summary

The above :hree proofs all show that the capacity cost concept is a proper substitution for the
more :omrtiex form of the LRMC. In the proofs, severai steps were left cut ror orevity.
Anvone. who would like more detaiied information regarding the proofs can write 1o

Victor Schmid-Bielesberg. Bellcore. Room LCC 2E233, 290 West Mt. Pleasant Ave.. Livingston.
N.J. 07039.
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III. AN EXPLANATION OF HOW THE CAPACITY COST APPROACH IS APPLIED

TO MAJOR INVESTMENT FUNCTIONS OF SCIS AND HOW SPECI.MLL SITUA-
TIONS ARE HANDLED.

a) CAPACITY COST CONCEPT APPLICATION

Figure 7 shows a ceneric SCIS Model Office printout, listing all

cf the required investment primitives or building blocks which

represent the ninimum set required for determining any feature
or service in a switch.

The following of these investment primitives are purchased as
investment "lumps" over time, each providing an equal capacity

increment, and therefore the capacity cost formula is applicable
to them.

1) The main processor community, including maintenance and test
equipment, spares, breakage, and any equipment that is purchased
once, only as a function of a new switch entity required because
its limiting resocurce has been exhausted for the previous unit.
The most limiting resource for this is generally usable milli-
seconds or scme other measure of Central Processing Unit (CPU)

time utilized. Its driver, therefore is milliseconds, and its
Investment per nillisecond, based on the capacity cost concept
is simply:

Investment per Busy Hour millisecond =

Getting Started Investment / maximum available milliseconds

where maximum available milliseconds =

absolute available milliseconds * allowed engineering fill=

60 mins * 60 secs per min * 1000 msecs per sec * vendor
recommended fill factor for call processing

If the main processor never exhausts, the Long Run Marginal In-
vestment for additional processing units (milliseconds) is zero.

2) The distributed processing community, including associated
equipment, is purchased over time in units with fixed capacity,
but it may be limited by 2 different resources, milliseconds and
physical terminations. For this reason, the capacity cost con-
cept is applied together with a remainder of spare capacity

which is assigned to the terminations it serves (this special
case 1s described in III. c.)

Investment per BH nmillisecond =

Distributed Processor Invest./max. available milliseconds

This is sometimes converted to an investment per egquivalent POTS
call.

w

-
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III. AN EXPLANATION OF HOW THE CAPACITY COST APPROACH IS APPLIED
TO MAJOR INVESTMENT FUNCTIONS OF SCIS AND HOW SPECIAL SITUA-
TIONS ARE HANDLED. (CONTINUED)

a) CAPACITY COST CONCEPT APPLICATION (CONTINUED)

3) The Line Termination Investment is based on equipment provi-
ded on a one for one basis and is called non traffic sensitive
equipment. This investment primitive is based on the Capacity
cost concept, since multiple terminations are accommodated by
the same piece of. equipment with a fixed capacity. Other parts
are truly provided one for one, such as line cards and are,
therefore, a capacity cost in its simplest form (i.e. one in-
vestment provides one capacity). Excess CCS and distributed
processor capacity is also included. (See III. c.)

4) The line termination BH investment per CCS is determined
using the capacity cost concept, since line peripherals have
fixed CCS capacities by type of line and concentration ratio.
Therefore, within a line type and concentration ratioc, the line
peripheral and associated eguipment requires an investment

(lumpy) and provides a fixed CCS capacity at a specified grade
of service. Therefore,

Line Termination BH Investment per CCS =

Investment for Line Peripheral by type and conc. ratio /
CCS capacity of unit at desired grade of service

This equipment unit also has a dual load and termination limit,
and, therefore, the capacity cost concept is applied to this
primitive, with the remainder of spare engineered capacity as-

signed to the investment per termination. (This will be further
discussed in part III. c.).

5) The trunk termination investment per CCS is computed using
the capacity cost concept for those items that share common
trunk peripheral equipment. Specific trunk circuit equipment is
added to the termination investment, before the total investment
is divided by the CCS capacity of the next trunk unit to be
added. Sometimes it is necessary to keep these investments on a
per trunk (equivalent talking channel) basis, because they are
dedicated to a customer, or become part of a network model, that
computes interoffice facilities, based on its own algorithms.

For those cases, an approach as shown in part III. b. is more
appropriate.

6) 7) 8) 9) & 10) Call Investments

Call investments, if regquired, are generally based on a capacity

cost, except in rare cases, were non linearities still exist.
These will be itemized in part III. b.
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II. AN EXPLANATION OF HOW THE CAPACITY COST APPROACH IS APPLIED
TO MAJOR INVESTMENT FUNCTIONS OF SCIS AND HOW SPECIAL SITUA-
TIONS ARE HANDLED. (CONTINUED)

a) CAPACITY COST CONCEPT APPLICATION (CONTINUED)

11) Special EarZware Investments consist of special service cir-
cuits, such as 3-port bridges, etc. and are assiqned to feature
investments based on their usage. Since their investment repre-
sents the total loaded investment of one of these special cir-
cuits, it requires lcading the investment with frame space,
memory, cabling, etc. by using the capacity cost concept. When
completed, this process converts the special hardware investment
into an investment per CCS. The CCS capacity of the next added
unit is used feor this, which makes it a slight variation of the
capacity cost concept, since the capacity cost concept assumes
egual capacities for all added units. But, for units that are
added frequently this is a good approx1mat10n (small lumps of
investment and capacity), without having to use a modified

capacity cost concept or the more general marginal investment
equation, as is the case for 13) Lkelow.

12) Investment per byte. This is an ideal capacity cost applica-

tion. The Investment for the next memory unit is simply divided
by the capacity it provides.

13) SS7 Investment per octet. One must first understand that
this investment is driven by 1link pairs required which in turn
are a function of octets. The first link pair in a given switch,
is much more expensive than the next and so on. The capacity
provided by the first link pair could be different than that of
subsequent link pairs. The investment lumps, although variable,
are large, and provide capacity, also variable, for a long time.
For this reaseon, no approximation, using a modified capacity
cost concept is appropriate for this investment primitive or
building block. It is more complex and is not shown for the sake
of brevity. 2an alternative is to require input data, that
forecasts demand for a long time out, so that the present worth
of investment streams and changes; and the present worth for
demand streams and changes can be computed to cbtain the mar-

ginal unit investment based on the original definition of a mar-
ginal cost:

Investment per BH octet =

PW of changes in investment over time /
PW of changes in demand over time

This is cumbersocme and requires extensive input data. A modified
capacity cost approach is available that provides an equally
practical and accurate alternative as the simple capacity cost
concept used for other investment functions.

AT
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III. AN EXPLANATION OF EOW THE CAPACITY COST APPROACH 1s APPLIED
TO MAJOR INVESTMENT FUNCTIONS OF SCIS AND HOW SPECIAL SITUA-
TIONS ARE HANDLED. (CONTINUED)

a) CAPACITY COST CONCEPT APPLICATION (CONTINUED)

14) and 1S) ISDN access and data packet investments per packet
per second by type in general follow the capacity cost concept,
although, for some technologies additional considerations are
required due to their capacity interdependences. Details will
not be provided here.

b) NON LINEAR INVESTMENT FUNCTIONS

Although it was quite common to see non linear investment func-
tions in analog switches, these are extremely rare in digital
switches. The few non linear functions in digital switches are
limited to infregquently used building blocks or jinvestment
primitives, such as, the incoming call investment (analog only)
for DMS. Since most interoffice trunking is using digital
facilities, the application of this term is rare indeed. Regard-

less of its infreguent use, the appropriate marginal investment
is shown in Figure 7.

Non switch based investments, such as investments of inter-
office facilities, are not a function of SCIS, but of other cost
models, such as Bellcore’s Network Cost Analysis Tool (NCAT).
Interoffice Facilities benefit from economies of scale creating
non linear situations. Therefore, an approach that stimulates
the CCS load on a given trunking route can be used to determine
changes in trunk quantities and investments. Through this

method, any non linearities or poisson effects are captured and
treated accordingly.

c) TREATMENT OF DUAL LIMITING EQUIPMENT ITEMS

Some equipment items may have two limiting capacities. An ex-
ample of this might be a line peripheral. It generally provides
a given grade of service at a specified CCS capacity. At the
same time, it provides a 1limited termination capacity. By
‘'selecting a concentration ratio that best fits the office
average CCS per line, one must make a long term selection, which
of the two limiting drivers is most serious and what is the best
way to serve lines on the average. Switches that are limited on
CCS, have only one significant driver, namely CCS, and the whole
investment of the line peripheral becomes a function of CCS. Or,
simply, the capacity cost, based on CCS, for each CCS consumed.
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IIZ. AN EXPLANATION OF HOW THE CAPACITY COST APPROACH IS APPLIED

c)

a)

TO MAJOR INVESTMENT FUNCTIONS OF SCIS AND HOW SPECIAL SITUA-
TIONS ARE HANDLED. (CONTINUED)

TREATMENT OF DUAL LIMITING EQUIPMENT ITEMS (CONTINUED)

Tor switches that are not at nor are projected to reach this CCS
capacity point, the capacity cost is used for the CCS actually
consumed. However, each additional group of average usage lines
brings additional spare capacity into the switching system.
Therefore, it 1s necessary to compute a component called excess
capacity investment per line, which is a fixed cost (as long as
the actual or projected office average CCS per Line is below the
capacity), incurred as a function of lines, and, therefore, it
becomes part of the minimum investment per line. Distributed

processor excess capacity investments are similarly assigned to
lines and trunks, where applicable.

This is consistent with cost causation principles used elsewhere
and is somewnat analogous to an engineered fill that is a con-

tinuous requirement; a phenomenon also discussed in the next
paragraph.

ENGINEERED FILL FACTORS

A fill factor is defined as the absolute capacity of a unit
(i.e. 100%) minus an administrative amount of spare required to

' either allow for unforeseen demand, for churn of service orders,

for load balance, for peak load protection, or
tasks. For example, it might be 95% or .95 for peripheral ter-
minations, or it might be 40% or .40 for a central processor
that requires 60% of its time for overhead functions. Since this
reduction in available capacity is experienced on all future

units purchased, its effect becomes a real cost that needs to be
reflected in cost studies.

for overhead

For example, a central processor has only 40% of its real time
available for call processing. Since processing capacity is
measured in milliseconds, its absolute capacity in an hour is
3,600,000 milliseconds of real time per hour. (60 minutes * 60
seconds * 1000 milliseconds per second). Since only 40% of this
real time is available for call processing, its £ill adjusted
capacity is only 3.6 Million milliseconds * .40, or 1.44 Million
milliseconds. The capacity cost is therefcre:

Total investment next unit (getting started investment) /

Fill adjusted capacity
or

Total investment next unit / 3,600,000 * Fill Factor
or

Total investment next unit / 3,600,000 * .4

ARTHUR
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III. AN EXPLANATION OF HOW THE CAPACITY COST APPROACH IS 2PPLIFD
TC MAJOR INVESTMENT FUNCTIONS OF SCIS AND HOW SPECIAL SITUA-~
TIONS ARE EANDLED. (CONTINUED)
d) ENGINEERED FILL FACTORS (CONTINUED)
Similarly for line peripherals at 95% £ill, one would need to
buy approximately S5 extra line terminaticns for every 100 lines.
Since this is not an avecidable cost as more lines are added, it
needs to be part of the marginal cost.
A generalized formula is therefore simply this:
Marginal unit Investment (using the capacity cost concept)=

Investment of next unit / (Capacity of next unit * Fill Factor)
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IV. PRACTICAL SOLUTION FOR DETERMINING THE MARGINAL INVESTMENT
OF VARIOUS FEATURES AND SERVICES USING SCIS.

a) GENERAL

Azter haviﬁg developed the foundation f£or a practical way of
develcping investment bu1¢c1ng blocks cr primitives (using the
nmethods descriked earlier in this paper) with a minimum set of
investment functions required in determining the marginal in-
vestment for any feature or service, we can now go back and look
at the application of the SCIS model.

Figure 9 shows the SCIS process as viewed by the cost analyst.
Local discount factors, traffic volumes, number of lines by
type, number of trunks by trunk type, etc. are input into the
model by the user. The Bellcore provided model office equation
is now utilized to customize the cost primitives or building
blocks of Figure 8 to local conditions. At the same time, more
than one switch can be processed, if desired, to represent a
weighted average of.each building block or investment primitive
for a tariff area, for example. The individuality of each switch

can be preserved, however for network (point to point)
studies, if desired.

cost
The output of SCIS, are unit investments, that now represent the
required cost primitives by investment function, customized to

each user’s specific input data, that can now be used for any
application.

b) DETERMINING THE MARGINAL INVESTMENT FOR A SINGLE SWITCH BASED
FEATURE (“ISLAND FEATURE")

Figure 10 shows how a simple feature like three way calling
utilizes the investment primitives from the model office output
that apply to the feature. Three way calling is considered an
"jsland feature", because all the intelligence to make it work

is resident in the local switch, unlike an intelligent network
service.

The user inputs some feature specific data into SCIS (see Figure
11), vendor resource measurements (i.e. milliseconds regquired,
nemcry required, etc.) are stored.in tables for each feature,
Bellcore’s formulae are applied, and an output is produced that
shows the marginal investment required for equipping one line
with three way calling (see Figure 12). This is then converted

into an annual or monthly cost through the process described in
part I of this paper.

There are over 800 applications (features and services) in scIs
for various vendors of switches.
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IV. PRACTICAL SOLUTION FOR DETERMINING THE MARGINAL INVESTMENT
OF VARIOUS FEATURES AND SERVICES USING SCIS. (CONTINUED)

b) DETERMINING THE MARGINAL INVESTMENT FOR A SINGLE SWITCH BASgp )
FEATURE ("ISLAND FEATURE") (CONTINUED)

To provide more details for one of the output lines, the follow-
ing example is given:

The vendor of a switch measures that "x" milliseconds are re-
gquired for three way calling (beth calls). Normally two calls
without three way calling require "y" milliseconds. The invest-
ment of the calls themselves become part of another cost study.
Therefore only "x" - "y" = "2" milliseconds are consumed by the

feature itself. _ '

We know the investment per millisecond from the Model Office in-
vestment primitive. The cost analyst has given us inputs related
to how often three way calling is used in the Busy Hour by an
average line with the feature (Fig. 11). The formula for the
first equation now simply becomes:

Investment per Line for three way calling (Bellcore Formula)

Investment per BH millisec. (investment primitive from model)

"z" millisecs. per feature use (from table, vendor provided)
Use of Feature in the BH (input by cost analyst)

*
*

|
All investment functions are examined to determine whether they
play a role in the feature under study, and a similar process is
followed if they do. The sum of all the investments that are

caused by the use of the feature, becomes the total feature in-
vestment, as shown in Fig. 12.

Other feature investments are developed following the same
methodology.

c¢) DETERMINING THE MARGINAL INVESTMENT FOR INTELLIGENT NETWORK
FEATURES AND SERVICES (SS7 BASED)

[
Intelligent Network (IN) services require some switch based in- ll
vestment functions and primitives generated by SCIS, and also
require their own family of investment primitives, generated II
from investment functions that are specific to the SS7 network
components STPs, SCPs, and Links). Details of these will not be
covered here. Suffice it to say that another SCIS like model
called Common Channel Signaling Cost Information System (CCSCIS) lI
(see Fig. 13), using the same principles as SCIS, is used to

|

genzrate investment primitives or building blocks used for IN
services.

/.
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IV. PRACTICAL SOLUTION FOR DETERMINING THE MARGINAL INVESTMENT
OF VARIOUS FEATURES AND SERVICES USING SCIS. (CONTINUED)

c) DETERMINING THE MARGINAL INVESTMENT FOR INTELLIGENT NETWORK
FEATURES AND SERVICES (SS7 BASED) (CONTINUED)

Since building blocks are required from two or nore different
systems (i.e. SCIS, CCSCIS, etc.) a typical IN service marginal
cost study cannot be completed in any one of these models. For
this reason, investment primitives from these models are handed
to another model called NC-PRISM (See Figure 13) (Network Cost -
Program Ring For Integrating Software Modules).

NC-PRISM contains the vendor resource tables and Bellcore
application’s formulae for a specific IN service, and through
user inputs, investments for the whole service (end to end) are
produced. A typical IN service, incurs marginal investments at
the originating switch, at the links to STPs, at the links be-
tween STPs, at the links to SCPs if required, at the links from
the STPs to the terminating switch, and at the terminating
switch, to use a simplified example. This can all be pieced
tcgether by NC-PRISM based on the local topology of switch
types, STP types, SCP types, link types, etc.

d) DETERMINING MARGINAL INVESTMENTS FOR VOICE NETWORK SERVICES

Two other modeis are made available by Bellcore, for

network
voice services cost studies:

NCAT -~ The Network Cost Analysis Tool, that produces local,
intralata toll, and interlata access marginal costs by class of
service, by time of day, by length of haul for point to point,
multipoint, small area, LATA, or statewide studies.

OACIS - The Operator Analysis Cost Information System that
preduces marginal costs for Operator differential over dial re-

guirements for various operator services or Alternate Billed
Services (ABS) calls.

Both of these models benefit from the investment primitives that
are generated by SCIS and CCSCIS and, together with local inputs
for pther investments and expenses, produce outputs that are

consistent with the marginal cost philosophy discussed previ-
ously.
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IV. PRACTICAL SOLUTION FOR DETERMINING THE MARGINAL INVESTMENT
OF VARIOUS FEATURES AND SERVICES USING SCIS. (CONTINUED) !

e) STUMMARY

This paper has shown a harmonious approach in providing marginal
investments thrcugh SCIS and related Bellcore mnodels for any
switch or network based service. One does not need tedious math-
ematics with massive data requirements to obtain more than
satisfactory results. Results that accurately represent marginal

costs as defined in widely accepted articles of economic theory
and principles.

By using a consistent approach and standards as defined in this
paper, marginal cost concepts in the theoretical realm of
economic theory are brought practically into the real world of
daily applications as encountered by the cost analyst. These ap-
plications can be performed with the simplicity of the capacity
cost concept, without sacrificing any credibility or
reliability. These applications and concepts are relevant to the
problem at hand, with relevant sclutions through the use of in-
vestment building blocks or primitives. These applications and
concepts are reascnable because they represent an approach that
is simple, verifiable, consistent, and practical.
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